It has been reported that since 1982 the incidence in persons with spinal cord injury (SCI) of hypertension is commoner than it is in the general population of the same age groups in Japan. In the current study, we examined outpatient morbidity rates and standardised outpatient morbidity ratios (SOMR) according to the site of injury, as well as blood pressure levels and history of disease, and compared the incidences with those for the general population. The subjects consisted of 195 men with SCI. All were engaged in light work at special centres while living with other persons at the centres. The mean age was 49.5 years old, and the average post-injury period was 17.9 years. With respect to the site of injury, 19 patients had had injuries at the level of C-T5, 24 at T6-TlO, 139 at TlI-Ll, and 13 at L2 or lower. The SOMR (general population = 100) for hypertension was closely related to the site of injury, i.e. ° at C-T5, 250 at T6-TI0, 221 at Tl1-Ll and 308 at L2 or below. Among the patients treated with antihypertensive agents (41 persons), 17.1 % were under treatment for renal diseases, 4.9% for diabetes, and 4.9% for hepatic disorders. In 68% of the SCI persons examined, however no disease (such as renal disease, diabetes mellitus, hepatic disease or endocrine abnormality) could be regarded as a cause of secondary hypertension. In addition, the survey revealed that the body weight of SCI persons was lower than that of the general populations.
Introduction
Advanced treatment for both acute and chronic spinal cord injuries has rapidly decreased the morbidity rate of compli cations in the urinary system, but the morbidity and mortality rates of circulatory diseases have increased. 1 -5 It has been reported that, of circulatory diseases in persons with SCI since 1982, hypertension was more frequently encountered when compared to the .
general E opulation of the same age groups III Japan. -9 In order to compare the morbidity rate for SCI outpatients with that for the general population, a survey in accordance with the National Livelihood Basic Survey (1989) 10 that is performed at 3 year intervals by the Ministry of Health and Welfare was carried out on SCI persons. The SCI persons had completed medical rehabilitation and were engaged in light work at special centres. For comparison, the standardised outpatient morbidity ratios (SOMR), an age-adjusted indicator based on the values for the general population, was obtained according to the site of injury.
Study methods

Survey principles
Physical examinations and questionnaires were based on the section related to health in the 1989 National Livelihood Basic Sur vey (Ministry of Health and Welfare). 10 The same questionnaire contents as those in the health section of the 1989 survey were used. The surveyed items included diseases being treated at hospitals or clinics at the time of the survey, and the data of general health status for the general population was used as the control. The survey of SCI persons was conducted in accordance with the principle of the 1989 survey.
A survey of blood pressure, body height, body weight, disease history and administra tion of antihypertensive drugs was entrusted to eight special centres in 1990. For con trols, data for the general population from the National Nutrition Surveyll were used.
Subjects
195 men with SCI who satisfied both of the following conditions were surveyed: (1) those who gave effective answers to the health questionnaire that was distributed to 307 subjects (244 replies were received), and (2) those who had undergone blood press ure determinations and an investigation of their medical history (228 persons).
All the subjects were engaged in light work at the special centres while living with other persons at the centres.
The SCI persons were 49.5 years old on average, the average post-injury period be ing 17.9 years. With respect to the site of injury, 19 patients had had injuries at the level of C-T5, 24 at T6-TlO, 139 at T11-U, and 13 at L2 or lower.
Calculation method
The following indicators were calculated with respect to 'diseases being treated at outpatient clinics' in the health question naire, and compared according to the site of injury: (1) outpatient rate = (number of outpatients/population studied) x 1000 and (2) standardised outpatient morbidity ratio.
The disease-specific ratio of SCI out patients to the outpatient of the general population was used as the standard (100), namely, an age-adjusted indicator calcu lated by the indirect method as a standard ised outpatient morbidity ratio (SOMR), which was calculated according to the fol lowing equation: SOMR = (total number of outpatients/ expected number of outpatients) x 100
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The expected number of outpatients can be calculated from the following equation:
Expected number of outpatients = 2:
(the number of persons in age group i of the population studied) x (the out patient rate in age group i of the general population), where 2: de-
notes summation over all age groups.
The results from the 1989 National Liveli hood Basic Survey were used to provide SOMR.
The methods used for testing the signific ance of SOMR were as follows:
(1) For 10 or more SCI outpatients ([observed value -expected value] -0.5)/
Yexpected value
This was tested by using a normal distribu tion.
(2) For less than 10 SCI outpatients, a probability was calculated on the basis of the Poisson distribution.
Results
Outpatient rate and SOMR according to the site of injury
Since the incidence of outpatients with cystitis was higher in SCI persons, and extremely low in the general population, the SOMR vs the general population (100) was as high as 6901 to 15674 (Table I) .
Although the numbers of persons with injuries at C-T5 and T6-TlO were small, the SOMR was significantly higher with respect to complications in the urinary tract and to gastrointestinal diseases (p < 0.01).
Since there was a large number of persons with thoracolumbar injuries (Tl1-L2), the SOMR was significant for many diseases. This ratio was significant for urinary tract diseases, skin diseases, hypertension and diabetes (p < 0.01), and also significant for injuries involving burns, prostatic hyper trophy and hypotension (p < 0.05).
The outpatient rate in persons with in juries at L2 or lower (24 persons) was the highest for hypertension, the SOMR was significant for renal diseases, neuralgia, 
With respect to the average blood press ure according to the site of injury, both the diastolic and systolic blood pressure levels were higher in those persons with injuries at L2 or lower (Fig 1) .
Body weight and degree of obesity
The mean body weight of SCI persons aged over 40 years was around 55 kg, being lower than the 64 kg, 62 kg and 60 kg averages for the general population in their 40s, 50s, and 60s respectively. The degree of obesity in SCI persons (Katsura's modification of the Broca method) was also relatively low at 6.8%,2.5% and 1.0% for their 40s, 50s, and 60s respectively.
Although the body weight of SCI persons treated with antihypertensive agents was slightly higher than that of untreated per sons in the same age group (the difference was significant at 0.01% in those in their 40s, but not significant for those in their 50s and 60s), but lower than the figures for the general population in the same age groups.
Percentage of patients treated with antihypertensive agents
The percentage of SCI persons treated with antihypertensive agents was compared with the percentage of those treated with these agents in the general population. A total of 41 SCI persons had been treated with antihypertensive agents, the percentage be ing 9.1 % (compared with 2.0% of the general population), of which 15.6%
(5.1 %),21.8% (14.4% ) and 45.5% (22.8% )
were in their 30s, 40s, 50s and 60s respect ively. Figure 2 shows the percentages of patients treated with antihypertensive agents accord ing to the site of injury and age. The percentage of persons treated with the agents was higher among SCI persons than for the general population, except for those patients with injuries at C-T5. The percent age was especially high among persons with 
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injuries at L2 or lower (33.3% and 66.7% for their 40s and 50s respectively).
Frequency of complications fr om hypertension and other diseases
Among the 41 patients treated with anti hypertensive agents, seven (17.1% ) were under treatment for renal disorders. Moreover, two patients (4.9% ) were under treatment for diabetes, while three (7.3% ), although not being treated, had a past history of diabetes. Two patients (4.9% ) were having treatment for hepatic disorders.
Discussion
A factor most closely related to hyper tension in the general population is ad vanced age. The percentage of SCI persons having antihypertensive treatment also in creases with advancing age. lO For a more precise comparison by excluding this age related influence, the SOMR was obtained. The overall SOMR for hypertension was 250, although that was closely related to the site of injury, i.e. 0 at C-T5, 250 at T6-TlO, 221 at Tl1-Ll and 308 at L2 or below. In SCI persons injured at a high level, orthostatic hypotension and autonomic hyperreflexia12-13 are often cited as compli cations. Hypertensive attack due to auto nomic hyperreflexia is transient in nature and chronically shows a trend of hypoten sion due to the decreased tonus of sympa thetic nerves. For this reason, SCI persons injured at T5 or above would have shown low SOMR for hypertension.
Urinary diseases, being the most impor tant secondary complication, are apt to occur when the initial treatment is inade quate or when the urinary management in daily life is not adequately performed. [14] [15] [16] In the results of this survey, the incidence of complicated renal diseases including pyelo nephlitis, nephritis, hydronephrosis and re nal failure was 17% . However, many pa tients had repeated urinary infection with out self recognition, suggesting the possibil ity of a latent renal disturbance that could not be detected by a routine examination.
Although abnormal lipids in SCI patients with chronic renal failure (CRF) have been reported elsewhere, 1 7 it is still unclear how such latent CRF participates in the onset of hypertension.
Apart from renal disease, diabetes mel litus and hepatic disorders are also cited as causes of secondary hypertension. In con nection with diabetes mellitus, Duckworth et a1 1 8, 1 9 and Bauman et apo have reported an abnormal glucose tolerance capacity in SCI persons, which was considered to be due in part to insulin resistance. In the present survey, the difference in SOMR for diabetes mellitus, according to the site of injury, was also marked. Therefore, dia betes mellitus was also closely related to the site of injury. The incidence of complicated hepatic disorders in this survey was significantly high in SCI persons as a whole, being approximately 3.7 times higher than the figure for the general population.9 This was also found by Nakajima et al 6 and may be partially attributed to the high morbidity rate of post-transfusion hepatitis during the course of treatment for SCI.
In the present survey, in 68% of the SCI persons examined, however, no diseases that can be regarded as a cause of secondary hypertension such as renal disease, diabetes mellitus, hepatic disease or endocrine ab normality were observed.
In addition to the complications already mentioned, obesity and lipid abnormality, as well as arteriosclerosis caused by these conditions, are listed as a factor probably involved in the onset of hypertension. The survey revealed that the body weight of SCI persons was lower than that of the general populations with a higher incidence of hypertension irrespective of the lower rate of obesity found in the former group. No significant difference was noted in the SOMR for heart diseases in this survey, although the value is expected to increase in the future for the general population be cause of the changing diet in Japan in recent years to include high protein and high animal lipids. 11
Regarding somatic activities, all SCI per sons enrolled in this survey were confined to a life in a wheelchair and were engaged in light, simple work to obtain some income. Due to this handicap, while they have many opportunities to use their upper limbs, they have little chance to exercise the whole body. A higher HDL-cholesterol level in SCI persons taking exercise when compared to those not taking exercise has been re ported,27 and it is thus also considered that a lack of exercise would directly affect the level of blood pressure in SCI persons. The amount of ingested salts is important as a dietary factor pertaining to the onset of hypertension. The subjects enrolled in this survey all lived in special centres, and their diets were managed by a professional nutri tionist to give a lower salt intake than that for the general population. For this reason, little influence from excessive salt intake is suspected.
Another factor triggering hypertension in SCI persons is the influence of stress due to social psychological factors. In our previous survey on subjective symptoms, neuro logical symptoms including pain and in somnia, and mental symptoms including nervousness and depression were character istically more often encounted in SCI patients than in the general population (accurate judgement rates for control were 85% and 75% respectively).28 Although a possible relationship between a depressive state and endocrine abnormality has been reported,29 a prolonged state of mental instability may also affect the blood pressure level in SCI persons.
The fact that the SOMR for hypertension markedly increased with the descending site
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Morbidity in SCI patients 251 of injury indicates that primary and/or secondary disturbances after SCI may be linked with the occurrence of hypertension in SCI persons, in addition to the daily life factors already mentioned.
